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1
HUB CLUTCH ASSEMBLY

CROSS REFERENCE TO RELATED
APPLICATTONS

The present 1s based upon a provisional patent application
filed on Oct. 18, 1999 under Ser. No. 60/160,232, entitled
“Hub Clutch Assembly.”

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to a fluid-actuated
hub clutch for use 1n rotary mechanical transmission and
drive systems. More particularly, the invention relates to a
clutch device which can be interposed between driving and
driven elements, such as on the low-speed side of a gear
reducer, and which can be actuated, controlled and moni-
tored via structures provided 1n a compact, self-contained
package.

2. Description of the Related Art

A wide range of applications exist in industry for rotary
power transmission devices which can be selectively
coupled and uncoupled to a driven load. Power transmitted
through such systems originates 1in a prime mover, such as
an electric motor or an internal combustion engine. Power 1s
output from the prime mover via a rotating shaft or hub
which 1s, 1n turn, connected to a driven load. In many
applications the torques and speeds output by the prime
mover do not consistently match the requirements of the
load, requiring a speed reducer between the prime mover
and the driven load. Reducers of this type, typically includ-
ing one or more stages of intermeshing gears, not only serve
to adapt the prime mover speed, but amplify the torque
output by the prime mover.

In addition to the prime mover and interfacing hardware
for linking the prime mover to a driven load, many power
fransmission systems require the ability to selectively con-
nect and disconnect the prime mover and the load. Various
clutch devices have been proposed and are currently m use
for this purpose. Depending upon the load requirements (i.¢.,
torques and speeds passed through the clutch), such clutches
may be actuated electrically, by pressurized fluid, by cen-
trifugal structures, and so forth. For large or high inertia
loads, such as those found in many industrial, material
handling, mining, and similar applications, fluid clutches
offer significant advantages of enhanced controllability and
ciiiciency.

Rotary power transmission systems employed in many
“heavy duty” applications must often respond to additional
needs over and above those of simple torque and speed
transmission. In particular, where very large loads are to be
driven, inertial factors require that the power transmission
systems be adapted to start and stop the loads progressively
or 1n various controlled manners. To accommodate such
needs, integrated gear reducers and clutch systems have
been developed which offer both gear reduction and con-
trollable fluid clutch operation m a single package. One
integrated power transmission system of this type 1s com-
mercially available from Rockwell Automation Power
Systems, Dodge CST Division of Seattle, Washington. Sys-
tems of this type offer the significant advantage of permitting
controlled starting and stopping of high inertial loads. Where
desired, they may also be instrumented to provide for
monitoring of loads, temperatures, speeds and so forth. Such
integrated power transmission systems are particularly well
suited to low-speed, high-inertia applications, such as con-
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veyor drives 1n mining, timber, utility and other industries,
as well as to other types of rotary drives such as trommel
drives, ball mill drives, and so forth.

While integrated gear reducer and fluid clutch systems are
suitable for many applications, in certain situations 1t would
be usetul to allow controllable fluid clutches to be 1nstalled
independently of gear reducers, such as between the gear
reducers and driven loads. In particular, there exists a need
for a controllable fluid clutch system which can be inter-
posed between a gear reducer coupled to a prime mover, and
a driven load, 1n a separate package from the gear reducer
itself. Such clutches would both permnit greater flexibility in
the selection of a gear reducer, as well as offer the possibility
to retrofit existing systems with the improved clutch, while
interfacing the retrofitted clutch with gear reducers and other
power transmission hardware already 1n place.

Existing stand-alone fluid clutch systems are not well
suited to satistying these needs. For example, in one known
system, a fluid clutch 1s interposed on a high-speed side of
a gear reducer, and 1nterface with the output shaft of a prime
mover, and the mput shaft of the gear reducer. The clutch
package generally requires alignment of the prime mover
shaft and the gear box shaft for proper operation. Moreover,
provision of the clutch on the input side of the gear reducer
limits the controllability of the power transmission system
by interposing the multiple elements of the gear reducer
between the controlled clutch and the ultimate load.

Other clutch systems have been proposed and are cur-
rently 1n use 1n which fluid used to actuate the clutch 1is
channeled through a driven shaft. The shaft may be an
integral part of downstream power transmission equipment,
such as a belt pulley shaft. The actuating fluid 1s channeled
from the shaft to a piston assembly within the fluid clutch
which serves to engage and disengage clutch plates. Such
structures are not well suited, however, for use with non-
channeled shafts, severely limiting their utility 1n new and
retrofit applications in which associated equipment 1s sup-
plied with conventional (i.e., non-channeled shafting).
Accordingly, there 1s a need for an 1improved controllable
fluid clutch system 1n which actuating fluid 1s not required
to be channeled through shafting of associated equipment.

In addition to the foregoing issues with clutched power
fransmission systems, problems often arise in the mating and
mounting of the upstream and downstream power transmis-
sion components on either side of a clutch. In certain system
designs, the clutch. may even serve to support driving or
driven components on an input or output shaft. In such cases,
an extremely reliable and solid connection must be made
between the supporting shaft and the clutch. In many cases,
the mating elements are specifically machined to fit one
another, with little interoperability offered between compo-
nents of other sizes or configurations. There 1s also,
therefore, a present need for an improved system for cou-
pling a hub, such as a clutch hub, to an input or output shaft.
There 1s a particular need for a system which can provide a
sufliciently rigid and reliable connection to allow the clutch,
and other components where desired, to be supported on the
coupled shaft during operation.

SUMMARY OF THE INVENTION

The 1nvention provides a controllable fluid-actuated
clutch designed to respond to these needs. The clutch is
formed with an inner hub assembly which may serve as
cither the mnput to the clutch or the output from the clutch,
depending upon the application. The hub assembly 1is
designed to receive conventional shafting, without the need
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to direct actuating fluid through the shafting. A housing
surrounds the mner hub and 1s designed to be coupled to
another transmission element, either an input element or an
output element, depending upon the application of the
clutch. A clutch plate stack 1s provided between the hub
assembly and the housing assembly. The clutch plates of the
stack can be selectively engaged by fluid pressure to cause
the housing and hub to rotate together, thereby transmitting
power through the clutch. The clutch may also include
features on the housing to permit it to be interfaced with
specific types of drives, such as external gears, trommel
drives and the like. The clutch may also be instrumented to
provide monitoring and feedback signals representative of
operational parameters of the mechanical and fluid compo-
nents. The resulting structure 1s both compact and adaptable
to both new and retrofit applications.

The clutch may serve as a coupling element between the
driving and driven components. In a preferred configuration,
an outer housing rotates with the first of the components,
such as an output shaft from a gear box, while the hub rotates
with an output shaft, such as a pulley shaft, or other driven
load. A stationary, or static, piston housing 1s coupled to a
manifold for routing fluids into and out of the clutch. The
piston housing includes passages for actuating fluid used to
engage and disengage the clutch plate stack, thereby causing
engagement and disengagement of the outer housing with
the hub. Additional passages in the manifold are provided
for receiving and transmitting cooling fluid to internal
regions of the clutch. Bearing assemblies between the outer
housing, the piston housing, and the hub, support the hous-
ings and hub effectively with one another, providing
adequate mechanical support for hanging a load or a prime
mover supported on the 1nput or output shatft.

In a presently preferred configuration, the clutch hub may
be supported on shaits of various sizes via a tapered bushing,
and bushing adapter arrangement. The tapered bushing
extends between the hub and the support shaft, with a
support adapter being provided between the tapered bushing
and the shaft for applications where the shaft dimensions do
not match those of the inner dimensions of the tapered
bushing. The tapered bushing may be installed with the
adapter 1n a hydraulic coupling technique, so as to provide
an extremely rigid and reliable connection of the hub and
shaft with one another. A single size of clutch or hub may

thus be employed with variously sized and configured
shafts.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other advantages and features of the
invention will become apparent upon reading the following

detailed description and upon reference to, drawings in
which:

FIG. 1 1s an elevational end view of a pair of clutches in
accordance with the present technique employed on an
exemplary application, notably a conveyor drive;

FIG. 2 1s a top plan view of the drive shown in FIG. 1;

FIG. 3 1s a side elevational view of the conveyor drive of
FIGS. 1 and 2, illustrating exemplary position and mounting
structures for a support shaft driven by the clutch;

FIG. 4 1s a partially sectioned end view of the clutch
illustrating passageways for cooling and actuating fluids
routed to and from the clutch during operation;

FIG. 5 1s a sectional view through line B—B of FIG. 4,
illustrating certain of the internal components of the clutch;

FIG. 6 1s a sectional view of the clutch along line C—C
of FIG. 4, 1llustrating additional internal components; and
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FIG. 7 1s an enlarged detailed view of a portion of the
clutch 1llustrated in FIG. 6, showing in somewhat greater
detail the internal components, as well as components of the
tapered and adapter bushing mounting system;

DETAILED DESCRIPTION OF SPECIFIC
EMBODIMENTS

Turning now to the drawings, and referring first to FIG. 1,
a clutch 10 1s illustrated 1n two separate drive systems of a
conveyor arrangement 12. Each clutch 10 1s secured
between driving components and the driven load. In the
illustrated embodiment, the driving components include a
motor assembly 14, and a gear reducer 16, an output shaft 18
of a gear reducer serving as the mnput shaft to each clutch. A
load shaft 20, serving as an output shaft between each clutch
10 and a pulley 22, also supports the clutch and driving
components 1n the illustrated embodiment. In the conveyor
system 1llustrated, a continuous belt 24 1s fed around the
pulleys 22 in a conventional manner.

It should be noted that in the present description, refer-
ence 1s made to a conveyor system application for clutch 10.
However, the present techniques, structures, and systems
may be employed 1n a wide variety of applications, as well
as over a substantial range of ratings and sizes. Moreover,
while the present description relates specifically to embodi-
ments 1n which the clutch 1s supported on an output shaft as
an overhung load, the techniques described herein may also
be employed for applications in which one or more of the
components 1s foot mounted, flange mounted, and so forth.
The clutch employed 1n the techniques described herein
serves to couple driving and driven components to one
another so that the components rotate at approximately the
same speed upon full engagement of the clutch. In appro-
priate applications, the clutch arrangement may also be
employed as a brake, with one or more of the 1input or output
components described below being secured against rotation,
such that engagement of the clutch causes the other com-
ponent to be braked to a stop. Similarly, the clutch design
described herein may be employed for coupling a gear
reducer or other intermediate power transmission compo-
nent to a driven load, or may be adapted for coupling directly
to a prime mover, such as between a motor or engine and a
gear reducer.

As 1llustrated i FIGS. 1, 2 and 3, the exemplary appli-
cation 1n conveyor system 12 supports clutches 10 on a
machine frame, designated generally by reference numeral
26. In such applications, bearing assemblies 28 will provide
for suflicient mechanical support to allow shafts 20 to rotate
freely when driven. Idler rollers 30 (see, e.g., FIGS. 2 and 3)
may be provided in the conveyor system, along with one or
more driven shafts such as in the illustrated embodiment. In
applications where clutches 10 are employed for supporting,
driving components as an overhung load, the components
may be positioned generally perpendicular to the centerline
of the rotating components of the clutch, as illustrated. The
resulting torque arm configuration 1s generally completed by
one or more anti-rotation elements linked to the overhung
load, to prevent rotation of the driving components and
clutch, and thereby to transmit torque to the load.

Clutch 10 1s preferably cooled and lubricated by auxiliary
cequipment provided adjacent to the load. In the 1llustrated
embodiment, for example, a cooling o1l circulation system
32 1s provided for each clutch. As will be appreciated by
those skilled 1n the art, such circulation systems typically
include pumps, filters, reservoirs, and so forth, for drawing
cooling fluid from the clutch, and returning clean and cooled
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fluid to the clutch 1n continuous circulation. A heat
exchanger system 34 1s coupled to the cooling o1l circulation
system 32, and extracts heat from the cooling oil before
return to the clutch. Flanged cooling o1l inlets and outlets are
provided as indicated at reference numerals 36 and 38 in

FIG. 2, and described more fully below.

FIG. 4 1llustrates a partially sectioned clutch 10 from an
end view. Clutch 10 includes an outer housing which rotates
with the mnput shaft as described below. A stationary mani-
fold 42 1s supported concentrically within the housing, and
serves to direct cooling and actuating fluids to and from the
clutch. A box-like fluid conduit 44 1s 1n fluid communication
with manifold 42, and 1s similarly stationary, for directing,
cooling o1l to the clutch. A similar box-like fluid conduit 46
1s secured to the manifold and conducts cooling o1l from the
clutch. An inlet conduit 48 1s 1n fluid communication with
conduit 44, and a similar conduit 50 1s in fluid communai-
cation with conduit 46. Flanges 52 are provided on conduit
48, with similar flanges 54 being provided on conduit 50.
Flanges 52 and 54 serve to receive sealed piping or hose
assemblies (not shown) for conveying cooling fluid to and
from the clutch. Depending upon the location and routing of
such fluid, the piping components may be provided on one
or both sides of the conduits, with an unused side of the
conduit being capped.

Flow conduits 44 and 46 are in fluid communication with
slotted routing apertures 56 and 58 of manifold 42. In the
illustrated embodiment, for example, two slotted apertures
56 are provided 1 fluid communication with conduit 44 for
rece1ving cooling fluid and for routing the cooling fluid into
internal regions of the clutch as described more fully below.
Three similar apertures 58 are provided in fluid communi-
cation with outlet conduit 46. An o1l drain 60 1s provided for
collecting and recirculating portions of the cooling fluid
which may escape the flow path established by conduit 44
and 46 as described below. In the 1llustrated embodiment, a
speed pickup 62, such as a magnetic or inductive proximity
sensor 1s mounted on the manifold. The manifold assembly
may serve to support other instrumentation (not shown),
such as temperature sensors, pressure sensors, and so forth.
Finally, manifold 42 1s provided with one or more ports 64
for receiving actuating fluid used to engage the clutch
clements as described below.

FIG. 5 1llustrates a sectional view of clutch 10 along line
B—B of FIG. 4. As shown 1n the view of FIG. §, mlet
conduit 48 communicates with flow conduit 44 to imntroduce
cooling o1l mto the clutch, while conduit 50 communicates
with conduit 46 to return o1l for filtering and cooling. The
conduits are stationary, and coupled to manifold 42. The
preferred configuration of the other components secured to
the manifold and conduits 1s described more fully below.

Outer housing 40 1s mechanically coupled to shaft 18 via
a coupling 66 which, 1n turn, i1s bolted to an end plate 68.
End plate 68, being fixed rigidly to outer housing 40, causes
housing 40 to rotate along with shaft 18 when the prime
mover 1s activated. Shaft 20 1s secured to a hub 70, which
serves as an output member of the clutch. Hub 70 1s mounted
coaxially within housing 40, and rotates with housing 40
upon engagement of the clutch as described below.

Various arrangements may be provided for securing the
mechanical components, including housing 40 and hub 70 to
the mput and output shafts. In the illustrated embodiment,
hub 70 1s secured to shaft 20 via a tapered bushing 72 and
adapter ring 74 positioned between the hub and the shatt.
The bushing and adapter ring are preferably mounted
through a hydraulic coupling technique described 1n greater
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detail below. An internal end of hub 70 1s capped by a keeper
plate 76. A fastener .78 1n the 1llustrated embodiment 1s used
to draw the shaft 20 and hub 70 1nto an appropriate location
with respect to one another during assembly. Fluid conduits
80 and 82 are provided in hub 70 and extend from an annular
end of the hub to locations along the hub corresponding to
the location of tapered bushing 72 when assembled. As
described below, conduits 80 and 82 serve to provide a fluid
bearing and to expand hub 70 during installation of the

clutch on shatt 20.

A piston housing 84 1s secured between outer housing 40
and hub 70, and 1s rigidly attached to manifold 42. Piston
housing 84, like manifold 42, 1s stationary, and serves both
to support the outer housing and hub, and to route fluids for
cooling and actuating the clutch. Piston housing 84 thus
includes a fluid conduit 86 for routing cooling fluids from
conduit 44 1nto an inner region 88 of the clutch. A similar
cooling o1l passage 90 formed within the piston housing 84
serves to recuperate cooling fluid and direct the fluid to
conduit 46 for removal.

Piston housing 84 also supports an annular piston 92
which 1s sealed within the housing, but permitted to move
axially along the housing for engagement and disengage-
ment of the clutch. Piston 92 1s positioned immediately
adjacent to a clutch pressure plate 94 of similar annular
conflguration, and moves the clutch pressure plate axially
for clutch engagement and disengagement. The piston 92 is
scaled within housing 84 wvia seal sets 96 bounding a
pressure application region or surface 98. A fluid passage
(not shown) is provided in piston housing 84, between the
actuating fluid inlet port 64 (see FIG. 4) and pressure
application surface 98 for introducing and relieving pres-
surized fluid mnto the region between the piston housing and
the piston.

While being permitted to move axially within the piston
housing, piston 92 i1s prevented from rotating within the
housing, thereby providing a non-rotating seal around the
piston pressure application surface. In the 1illustrated
embodiment, anti-rotation pins 100 are positioned between
the piston and piston housing for preventing such rotation.
The clutch pressure plate 94, however, rotates with outer
housing 40, by securement to housing 40 via one or more
anti-rotation pins 102. One or more return springs 104 are
positioned between the clutch pressure plate 94 and the outer
housing 40 about pins 102, to force disengagement of the
clutch upon relief of pressure from the piston.

The piston housing 84, piston 92, and rotating clutch
pressure plate 94 form a system for applymng force to a
clutch plate stack 106 positioned between outer housing 40
and hub 70. As will be appreciated by those skilled in the art,
clutch plate stack 106 includes a series of clutch plates
alternatively associated with outer housing 40 and with hub
70. A first of the clutch plates immediately adjacent to clutch
pressure plate 94 preferably rotates with housing 40. Each
clutch plate includes recesses which mesh with projections
or teeth 108 and 110 of the hub and of the outer housing,
respectively. A backing plate 112 1s positioned immediately

adjacent to the last plate in the stack, preferably a plate
movable with hub 70.

The components set forth above are positioned within an
iner region of the clutch between the housing 40 and hub
70, bounded on one end by the manifold and piston housing,
and on an opposite end by the keeper plate and end plate.
Retaining collars 114 and 116 are positioned on either side
of the hub, for retaining bearing assemblies, and for sealing
the inner components of the clutch for circulation of cooling
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fluid therein. In the 1llustrated embodiment, bearing assem-
blies are provided for solidly supporting the hub, piston
housing, and outer housing on shaft 20, while allowing for
free rotation of these components with respect to one
another. In particular, as best 1llustrated 1n FIG. 6, a first
bearing set 118 1s positioned between outer housing 40 and
plston housing 84 adjacent to one end of the clutch. Asecond
bearing set 120 1s positioned adjacent to an opposite end of
the clutch, and permits relative rotation between the outer
housing 40 and the hub 70. The relatively large spacing
between the positions of bearing assemblies 118 and 120
provides excellent resistance to moments applied to the
clutch, particularly where the clutch 1s employed for sup-
porting an overhung prime mover or load. A pair of bearing
sets 122 and 124 are positioned between hub 70 and piston
housing 84. Finally, an additional bearing set 126 1s posi-
fioned between the piston 92 and the clutch pressure plate
94, and absorbs loading during actuation of the clutch, while
permitting relative rotation between the stationary piston
and the rotating clutch pressure plate. In a preferred
coniiguration, fall engagement of the clutch provides some
small difference 1n the input and output speeds between
housing 40 and hub 70, thereby maintaining slight relative
motion within bearing set 120 to avoid damage to the
bearing.

The internal components of clutch 10 are sealed via a
series of sealing components positioned between the rotating
and non-rotating members. In particular, 1n the illustrated
embodiment, a first seal assembly 128 1s provided between
housing 40 and piston housing 84, with a similar seal being
provided between manifold 42 and collar 114. Another
annular seal 132 1s provided between housing 140 and collar
116. A turther seal 134 1s provided between manifold 42 and
collar 114. Finally, an external seal 136 1s provided between
housing 40 and the components defining the external surface
of the manifold. The seals thus provide effective 1solation of
internal regions of the clutch from the outside environment,
both precluding the ingress of contaminants, and retaining
lubricating and cooling fluid within the clutch. Lubricating
fluid which may bypass seal 128 1s captured and drained via
drain 64. Also visible in FIGS. 6 and 7, where a speed sensor
62 1s provided, an appropriate toothed ring 138 may be
positioned on collar 114 for providing pulsed signals indica-
five of the rotational speed of hub 70. Similar arrangements
may be provided for reading speeds of the outer housing 40.

As noted above, the foregoing structure provides a clutch
assembly which may be coupled directly between a driving
shaft and a driven shaft. The clutch housing i1s extremely
compact for the torque and speed ratings of the machine,
with fluid passages being defined by the static assembly of
the manifold, piston housing, and piston assembly.
Moreover, the clutch engagement and disengagement tech-
nique provided by the arrangement offers the benefit of
positive seals 96 which move only 1n an axial direction, with
no rotary motion between the piston and piston housing. In
addition, forces of engagement between the piston and the
pressure plate are absorbed by the anti-friction bearing 126
secured between these components. The positioning of the
other bearing assemblies thus provides all necessary
mechanical support between the outer housing 40, the piston
housing 84, and the hub 70, while allowing these compo-
nents to rotate freely with respect to one another.

The embodiment illustrated also facilitates extremely
rigid and solid mounting of the hub 70 on the associated
shaft 20. FIG. 7 illustrates in somewhat greater detail the
exemplary arrangement of these components within the
embodiment. In particular, hub 70 has an inner diameter
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which may be fixed for a range of shaft sizes. In the
illustrated embodiment, output shaft 20 1s a standard shaft
conilguration, having a right cylindrical outer surface 142.
However, where the shaft outer diameter, indicated by
reference numeral 144 in FIG. 7, 1s smaller than the internal
diameter of hub 70, and tapered bushing 72, a combination
of a tapered bushing 72 and an adapter ring 74 are employed
to secure the components to one another. In the illustrated
embodiment, tapered bushing 72 has a tapered outer surface
146 which conforms to a correspondingly tapered inner
surface 148 of hub 70. Seals 150 are received 1n grooves
provided in the hub and in the tapered bushing, forming a
scaled region therebetween.

For assembly, pressurized fluid 1s provided in passages 80
and 82 (see FIG. §), such as via a hand-operated hydraulic
pump. The pressure thus 1s introduced at the mnterface of the
tapered surfaces 146 and 148, between seals 150. With the
adapter ring 174 and shaft 20 positioned within the tapered
bushing, increasing pressure causes a fluid film to build
slightly at the tapered surface interface, expanding hub 70
slightly, but sutficiently for the appropriate positioning of the
tapered bushing, adapter ring, and shaft therein. The Shght
expansion of hub 70, indicated by arrow 152 1n FIG. 7, 1s
thus forced during assembly, with the tapered bushing,
adapter ring, and shaft 20 being drawn into place, such as by
fastener 78 bearing against keeper plate 76, as indicated by
arrow 154 in FIG. 7. The components may, of course, be
relatively positioned by alternative means, such as hydrau-
lically. When the pressure between the hub and tapered ring
1s released, the hub contracts elastically back to its original
dimensions, resulting 1n a very tight and rigid fit between the
hub, the tapered bushing, the adapter ring 74, and shatt 20.
The dimensions of the adapter ring 74 may be selected to
provide the desired fit, depending upon the shaft configu-
ration. Thus, clutch 10 may be employed 1n a variety of
applications and on a variety of shaft sizes and
conilgurations, with only the need to appropriately machine
the adapter ring for the particular application. As will be
appreciated by those skilled 1n the art, where adapter ring 74
is sufficiently large or rigid, a longitudinal slot or slots (not
shown) may be provided partially or fully through the
thickness of the ring to allow circumferential constraint of
the ring under the force applied by the tapered bushing and

hub.

While the invention may be susceptible to various modi-
fications and alternative forms, specific embodiments have
been shown 1n the drawings and have been described in
detail herein by way of example only. However, 1t should be
understood that the 1nvention 1s not intended to be limited to
the particular forms disclosed. Rather, the ivention 1s to
cover all modifications, equivalents, and alternatives falling
within the spirit and scope of the mvention as defined by the
following appended claims.

What 1s claimed 1s:

1. A power transmission assembly comprising:

a first housing rotatable with a first shaft;

a second housing disposed within the first housing and

rotatable with a second shaft;

a clutch assembly disposed between the first and second
housings and engagable to cause the first and second
housings to rotate at generally the same speed; and

a non-rotating piston assembly disposed between the first
and second housings and including a port which
receives pressurized fluid for engagement of the clutch.

2. The assembly of claim 1, wherein the piston assembly

includes a non-rotating piston housing disposed between the
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first and second housings, the piston housing channeling
pressurized fluid to the piston during operation.

3. The assembly of claim 2, comprising a {irst bearing
assembly disposed intermediate the first housing and the
piston housing, a second bearing assembly disposed inter-
mediate the first and second housings, and third and fourth
bearing assemblies disposed intermediate the second hous-
ing and the piston housing.

4. The assembly of claim 3, wherein first and third bearing,
assemblies are generally concentrically disposed with
respect to one another to transmit loading between the first
and second housings via the piston housing.

5. The assembly of claim 1, further comprising a non-
rotating manifold ported to direct cooling fluid through an
interior volume between the first and second housings.

6. The assembly of claim 1, wherein the second housing
includes a hub assembly configured to receive a shatft.

7. A power transmission clutch comprising;:

a first rotary housing;

a second rotary housing disposed within the first rotary
housing;

a clutch assembly disposed between the first and second
rotary housings and engagable to cause the first and
second rotary housings to rotate at generally the same
speed;

a non-rotating piston assembly disposed between the first
and second rotary housings and including a port for

receiving pressurized fluid for engagement of the
clutch;

a first bearing disposed between the first and second
rotary housings;

a second bearing disposed between the first rotary housing
and the non-rotating piston assembly; and

third and fourth bearings disposed between the non-

rotating piston assembly and the second rotary housing.

8. The clutch of claim 7, wherein the second and third
bearings are disposed generally concentrically with respect
to one another to transmit loading between the first and
second rotary housings.

9. The clutch of claim 8, wherein the piston assembly
includes a non-rotating piston housing and a piston axially
movable within the piston housing.

10. The clutch of claim 9, further comprising a fifth
bearing disposed between the piston housing and the clutch
assembly for exerting an actuating force on the clutch
assembly while allowing the piston to remain non-rotating.

11. The clutch of claim 7, comprising a fluid passage
extending 1nto the piston assembly for delivery of pressur-
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1zed fluid to the piston assembly for engagement of the
clutch, and wherein a shiding labyrinth seal 1s formed
between the piston and the clutch assembly.

12. The clutch of claim 7, comprising a manifold config-
ured to circulate cooling fluid through the clutch.

13. The clutch of claim 12, wherein the manifold 1s
secured to a housing of the piston assembly.

14. The clutch of claim 13, wherein the manifold 1s
concentric with the second rotary housing.

15. A power transmission assembly configured to be
supported on a shaft, the clutch comprising:

a first rotary housing;

a second rotary housing rotatably supported within the
first rotary housing adjacent to a first end thereof, and

an engagement assembly interposed between the first and
second rotary housings and actuatable to provide sub-
stantially no respective rotational velocity between the
first and second rotary housings; and

an actuation assembly interposed between the first and
second rotary housings for actuating the engagement
assembly, the second rotary housing being supported
within the first rotary housing adjacent to a second end
thercof opposite the first end via the engagement
assembly.

16. The assembly of claim 15, wherein the second rotary
housing is supported within the first rotary housing via a first
bearing set disposed adjacent to the first end, and the second
rotary housing 1s supported within the second rotary housing
via a second bearing set disposed between the first rotary
housing and the engagement assembly and by third and
fourth bearing sets disposed between the engagement assem-
bly and the second rotary housing.

17. The assembly of claim 15, wherein the engagement
assembly 1ncludes a piston housing and a piston slidably
disposed within the piston housing.

18. The assembly of claim 15, comprising a non-rotating
manifold for transmitting actuating fluid to the engagement
assembly.

19. The assembly of claim 18, wherein the manifold
includes porting for circulating cooling fluid through the
assembly.

20. The assembly of claim 15, wherein the engagement
assembly includes a plurality of clutch plates interleaved and
engageable with one another under the influence of the
engagement assembly.
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